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EFFECTSOFA SERXESOFINKMRDPLAN-FOFM

MODII’ICATIONSONTHELONGITUD~ALCHARACTERISTICSOF

47° SWEPTEACKWINGSOFASPECTRATIO3.5, TAPERRATIO

ANDD~ THICKNESSDISTRIBUTIONSAT

MACHNUMBERSOF1.61 AND2.01

ByMortonCooperandJohnR.Sevier,Jr.

Testsofa seriesofinboardplan-formmodificationsto

Two

0.2,

two470swept-
backwingsofaspectratio3.5 andtaperratioO.2wereconductedinthe
Langley4-by4-footsupersonicpressuretunnelatMachnmnbersof1.61-

. szld2.01. onewinghad6-percent-thickhexagonalairfoilsectionsofcon-
stsmtthicknessratioalongthespan;theotherwinghadthessme6-percent-
thicksectionsoutboardofthek.o-percent-semispanstation,butthesec-

. tionthicknessincreasedlinesrlytoE percentatthemodelce@erline.
Inboardplan-formmodificationsweremadebylinearlyextendingthelocal
chord,forwafiorrearward,fromtheko-pe”rcent-semispanstationtothe
modelcenterline.Forwardorrearwqrdextensionsofone-thirdortwo-
thirdsofthebasiccent~r-linechordweretestedinvariouscombinations
oneachwing. ,.

Theresultsindicatedthatinallcasestheadditionoftheexten-
sionsreducedtheactualminimumdrag(fora givenabsol@e.thickness)
by anemountwhichwasesthatedreasoubl.ywelltheore%ic&@’fi’fithough
thelift-curveslopesofthenmdifiedwings(whenbasedonwingareas,,
includingextensions)werereducedasanticipated,inallcases,a net
increasewasreslizedinmaximumlift-dragratiofortheextended-chord
configurations.

A s~cificcomparisonoftwowingsof6-percent-chordthiclmess,that
is,thebasic6-percent-thickwingandtheE-percent-thickwingwith
1/3forwardand2/3rearwsrdextensions,indicatedthattheexbended
12-percent-thickwinghad,ata Machnumberof1.61,about6 percent.
higherlift-dragratioezxionly4 percentmoreminimumdrag.Similar
gainswerepresentata Machnmiberof2.01.Thesegainsarefurther

B enhancedbya volumeincreaseof67percentfortheextended-chordmodel.
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INTRODUCTION r

.-

~ thedesignofaircrtitandtheircomponents,aerodynamicconsid- “ .
erationstemperedwithpracticalrequirementscombinetodictatethe
final.configuratims.Forexample,ina recentdesignstudyofa tran-
sonicbmxiber(somecontemplatedwingconfigurationsarepresentedin
references1 and2),itwasfoundexperimentallythatincreasingthe
wingvolumebyincreasingtheinboardsectionthicknessratioscouldbe
accomplishedwithoutsubsonicpenaltiesinminimumdragormaximuztilift- ‘-–
dragratio.Tobespecific,a comparisonwasmadeoftheaerodynamic
characteristicsoftwowingsofidenticalplm form(sweepbackof~uarter-
chordline4P, taperratio0.2,andaspectratio3.5),onewinghav@
6-percent-thickairfoilsectionsandtheotherwinghavingthe6-percent-
thicksectionsoutboardofthe40-percent-semispanstationbutwithsec-
tionthiclmesslinearlyincreasingto1.2percentatthemodelcenter
line. Theresultsindicatedthatnopenaltywasincurredinmaximum
lift-dragratio(reference2)uptoa Machnumberof0.88forthethicker _
winginspiteofits25percentgreatervolume.Atthesupersonicspeeds
(refs.2,3,and4),however,theeffectofthelargerwavedragofthe
thickerwing(aquantitywhichwasaccuratelyesthnatedbya striptheory)
wasclearlyevidentinreducedlift-dragratios.Becauseofthepractical
advantagesofthethickerinboardsections,a furtherinvestigationof
thistypeofwingwasconsideredwarrantedatsupersonicspeedsinan
attempttomaintainitsadvantagesatthesespeeds. .

Sincetheprimarydifficultyofthethickerwingwasassociated
withitsincreasedinboardthicknessratioandtheconsequentgreater <
wavedragatsupersonicspeeds,twowingmodelswereconstmctedwhereby
itwaspossibletoincreasetheinboardchordsandtherebytodecrease
thelocalthiclmessratios.Thetwobasicwingswereidenticaltothose
previouslytestedinreferences2 to4 exceptthat,forconstruction

.-

simplicity,symmetricalhexagonalsectionswereused.Foreachwing,
one-thirdofthelocalchordwasremovable,forwardorrearward,inthe
inboard40percentofthewingsemispan.Insertextensionsofone-third
ortwo-thirdsofthebasiccenter-linerootchordwereprovidedandeach
wingwastested~th variouscombinationsofforwardandrearwardefiefi- – ‘“
sions.Forallconfigurations,theextensionsincreasedtheinboard
chordswithoutchangingthewingthickness;theextensionstherefore
reducedthe10CSJ.thiclmessratiosfromthat-ofthebasicwinginall
cases.

Thepurposeofthepresentpaperistopresenttheaerodynamicchar-
acteristicsinpitchofthesewingconfigurationsforanglesofattack
uptoapproximately8°. ThetestswereconductedprincipallyatReynolds
numbersof2.68x 106and2.20x 106(basedonthemeanaerodynamicchord #
ofthebasicwing),andforMach,numbersof1.61and2.01,respectively.

coNmDENTIAL n
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w SYMBOLS

7 Free-stresmconditions:

M Machnuniber

~ -c pressure

Winggeometry:

s areaextendedthroughthefuselage

b spell

A aspectratio, b2/S

c! airfoilchordatanyspanwisestation

Y spsnwisedistancemeasuredfromtheplsneofsymnetryofthe

F mea aerodynamic
.

a singleofattack
. Forcedata:

L lift

D drag

CL liftcoefficient,L/qS

cLopt liftcoefficientatmsximumlift-dragratio

CD dragcoefficient,D/qS

%nin minimumdragcoefficient

cm pitching-momentcoefficientabouta lineperpendicular

3

toplane—
ofsymnetryandpassingthrough25-Rrcent–positionofmean
aerodynamicchord

. C.p. centerofpressure
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lift-curveslope,perdegorper

pitching-moment-curveslope

radian
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WINGDESIGNATION

Inordertoidentifythewingconfigurationstested,a t~ee-unit _....-
numberingsystemhas“beenadopted,eachunitbeingseparatedfromthe
othersbya dash.Thefirstnumber(6 or U) designatesthe center-line
thicknessinpercentchordofthebasicsweptwing;thesecondnumber
(O,33,or67)designatest@ percentagebywhichthebasiccenter-line “--
chordisextendedbytheforwardinsert;andthethirdnumber(O,.33,
or67)designatesthepercentagebywhichthebasiccenter-linechord
isextendedbytherearwardinsert.Thus,thedesignation6-o-orefers
tothebasic6-percent-thickwing;whereasthedesignationu-33-67
referstothe12-percent-thickbasicwinghavinga 33percentforward
anda 67percentrearwardextensionattheroot.Incaseswherea given
numberisvariable,the
curvesareplottedasa
tionwil..lbe6-x-67.

numberwillbereplacedbysn X. Thus,when
functionofleading-edgeextension,thedesigna-

APPARATUS .

Tunnel
.

ThetestswereconductedintheLangley4-byk-footsupersonic
pressuretunnelwhichisa rectangular,closed-throat,single-return
windtunneldesignedfora nominalMachnumberrangefrom1.2to2.2.
Thetest-sectionMachnumberisvariedbydeflectinghorizontalflexible
wallsagainsta seriesoffixedinterchangeabletemplateswhichhavebeen
designedtoproduceuniformflowinthetestsection.Forthepresent
investigationthetestsectionMachnumberswere1.61~d 2,01;thetest
sectionheightswere
widthwas4.5feet.

k.kfeet and5.1feet,respectively;and%hetunnel

Model

Thetestmodelconsistedofeitheroftwosweptwings(6-x-xor
12-X-X)mountedonemogivecylinderfuselage(fig.1)whichhousedan
internalstrain-gagebalance.Themodelwasstingsupportedasindicated’
infigure1. Theangleofattackwasmeasuredopticallyduringeachtest
andwasvariedbyrotatingthemodelaboutthebalancemomentcenter.

1
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wings.-Thewingswereconstructedasindicatedinfigure2. Out-
boardofthe40-percent-semispanstation,bothwingswereconstructedof
steelandhsd6-percent-thick1/3-1/3-1/3symmetricalhexagonalairfoil
sections(fig.1). Inboardofthe40-percent-semispanstation,thetwo
psrallelsidesofthehexagonalsection(fig.2)wereextendedtothe
sideofthefuselage.Theairfoilsectionsinthisinboard40percent
ofthesemispanwerecompletedbytheedditionofanycombinationofthe
forwardandrearwardinsertsshowninfigure2. Eachoftheinserts
increasedthebasiccenter-linechordoftheX-O-Owingbya percentage
specifiedby itsdesignation.Thus,anextensiondesignated33 (forward
orrearward)increasedthecenter-linechordofthebasicwingby33per-
cent.Whenthesameextensionsofthesamedesignationwereaddedfor-
wardandrearward,theairfoilsectionremainedat1/3-1/3-1/3hexagon
(fig.1).

Twosetsofwingsandinsertsectionsweretested.Onewingwith
basicinserts(X-O-O)hadthe6-percent-thickhexagonalsectionsetiended
tothefuselageandthusisdesignatedthe6-o-owing.Theseconding
withbasicinsertswasidenticalinplanform,buthadlinearlyincreasing
airfoilthicknessesfrom6 percentattheb-percent-semispanstationto
12percentatthefuselagecenterlinetherebyformingthe12-O-Owing.
Sinceeachofthe6-x-xand12-X-Xwingscouldbetestedwith9 combina-
tionsofinserts,therewerea tot~ of18wingconfigurations.

Figure3(a)showsthebasic6-percent-thickwing(6-o-o)andfig-
ure3(b)showsthe6-percent-thickwingwiththe33percentforwsrd
and67percentrearwardetiensions(6-33-67).

Fuselageo-Thefuselagewasanogivecylindercombination(fig.1),
theogivehavinga finenessratioof3.5.A six-componentstrain-gage
balance(ref.5)washousedwithinthefuselage.Forthisinvestigation,
onlynormalforce,chordforce,sadpitchingmomentwereanalyzed.

TESTS

Basicdata.-AU wingconfigurationsshowninfigure4 weretested
ata Machnumberof1.61throughan~le-of-attackrangefromabout-2°
to8°. TheReynoldsnaber(basedonthemea aerodynamicchordofthe
X-O-Owing)was,withtheexceptionofseveralisolatedtestconditions,
2.68x 106.Forseveraloftheconfigurationswiththelargerextensions
itwasnecessarytoreducethestagnationpressuretopreventoverloading
thebalance;theReynoldsnumberforthesetestconditionswas2.20x 10b.
A checktestofthe6-o-owingatbothReynoldsnumbers,however,indicated
nomeasurableeffectofthisslightReynoldsnumberchsmge.

CONFIDENTIAL
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InordertoestablishMachnumbervariations,theextremeconfigu- d
rationsshowninthecornersketchesoffigure4 (thoseconfigurations
havingbasicinserts,67-percentextensions,ora cmnbinationofboth)
weretestedata Machnumberof2.01ad a Reyholdsnumberof2.20x 106.

.

PreUminarytests.-Priortothestartofthemainprogram,several
preliminarytestsweremadeonthe12-O-OandE-67-33wingswithoutthe

1 inch-dismeterstingblock,andwiththe3-inch-stingblock,titha 2Z-
—
v.

diametersting-blockshowninfigure1. Inallcasestb-data,when
correctedtofree-streemstaticpressure,agreedwithinthelimitsof
reproducibility.Foralldatapresented,the3-inch-diametersting-

—
-—

blockwasinstalledsinceforthisconditionthecorrectionofthebase
pressuretofree-streamstaticpressure(whichwas
wasa minimum.

THEORETICALCALCUM!TIONS

DragatZeroLift

appliedtoalldata)

Thedragatzeroliftofeachwing-bodyconfigurationwascalculated
asthesumoftheindividualdragsofthebodyandtheexposedwing.
Interferencebetweenthewingandbodywasneglectedinasmuchasthe
bodyiscylindricalinthezoneofinfluence’ofthewingandhencecan
experiencenopressuredraginthisregion.Furthermore,thewing
operatesina flowfieldwhichisessentiallyuniform.Thepressure
dragofthebodywascalculatedbymeansofthelineartheoryaspresented
inreference6 andtheskinfrictionwasestimatedbytheextendedFrankl-
Voishelmethoddiscussedinreference7. Turbulentskinfricti.onwas
assumedforthebodyonthebasisofdragmeasurementsmadeforseveral
Reynoldsnumbersona similarbody(ref.3).

Thewavedragsofthebasicwings(X-O-O)werecalculatedbylinear
theorybya proceduresimilartothatoutlinedinreference8. Thewave
dragsofthewingshavinginboardextensionswereestimatedbya strip-
theorycalculation- two-dimensionalthicknesscorrectionswereap@ied
tothebasicwingtoallowforthethicknesschangesastheinsertswere
added.Nocorrectionwasmadefortheplan-formchange.me skinfriction
ofthewingwasassumed,somewhatarbitrarily,tobelaminarandwas
calculatedbythemethodofreference9.

—

LiftingCharacteristics

Thelift-curveslopesofthewing-bodyccmb”inationswereestimated
bythemethodofreference10. Intheapplicationofthismethodseveral

CONFIDENTIAL
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simplifyingassumptions(aswilJ-bediscussed)weremadetoavoidpro-
hibitivelylengthycalculations.

Winglift-curveslo .-Thelift-curveslopesofthebasicwing
(X-O-O)aloneweredeter%edfrmnreferencesllmdu; itistohe
notedthatfortheMachnumber1.61casetheleadingedgeofthewing
wasessentiallysonic.Sincethebasictrailingedgeissupersonicat
bothWch numbers,theadditionalliftontherearinserts(whenno
forwsrdextensionsarepresent),smdhenceonthewing,isgivenbythe
integrationofthetheoreticallinearpressuresovertheinserts.In
ordertoestimatetheeffectoftheforwardextension(norearwardexten-
sionspresent),thereverseflowproblem(ref.13)wasconsidered.In
thisreverseflow,theinsert(fig.4)liesbehinda sonicedgefor
M = 1.61;and,inaddition,itsowntrailingedgeissubsonicsothat
itwasassmed(forthisMachnumber)thattheloadingontheinsertwas
smallandcouldbeneglected.Eknce,thetotalliftontheX-X-Owings
isassumedtobethessmeasthatoftheX-O-Owingsfora Machntier
of1.61(thatiS, theforwardinsertisineffectiveforproducinglift).
Nocalculationsarepresentedfor M = 2.01fortheforwardextension
conditionbecausethisreasoningdoesnotapply.Bymeansofsimilar
reasoning,theeffectsofcombinationsofforwardandrearwardextensions
wereobtained.

Wing-bodylift-curveslope.-Incomputingthelift-ctieslopesof
thewing-bodycombination,itwasassumedthattheinboardsectionof
thewingph formwasofprimaryimportanceindeterminingtheeffective
liftcarry-over.Hence,theliftcarry-overwascomputedfora wingof
zerotaperratiohavingthesamesweepoftheleadingandtrailingedges
asgivenbytheinsertsections.Itistobenotedthatforconfigura-
tionshavingthebasicforwardinsert,thisassumptionentailsnofurther
approximationsthanthoseinherentinreference10.

Dragduetolift.-Becauseoftherelativesharpnessofthewing
leadingedgeandminorroleofsubsonicleadingedgesinthepresent
configurations,thedragduetoliftwasassumedtokegivenbythe
componentOrthenormalforceinthedragdirection.

RESULTSANDDISCUSSION

Basicdata(figs.5 to10).-Thebasiclift,drag,andlift-drag
ratiodataforthe6-x-xwingandthe12-X-Xwingarepresentedasa
functionof@e ofattackinfigures5 and6,respectively,forMach
nmbersof1.61and2.o1.~ addition,thelift-dragratioshavebeen

a plottedasa functionofliftcoefficientinfigures7 and8. AU.the
datapresentedinthesefiguresaswellasinsucceedingfiguresare

CONFIDENTIAL
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tabulatedintable1. A summaryoftheindividualtingcharacteristics
(suchasmini?mmdragandlift-curveslope)ispresentedintablesII
andIII.Thepredictedreductioninmi.nlmumdragcoefficientandthe “
increaseinmsximumlift-dragratiowiththeadditionofextensionsis_
clearlyevidentfromfigures5 to8 andtableII. Thesepointswill
becomemoreevidentinsubsequentsummaryplots.

~ pitching-momentcharacteristicsofthe6-x-xwingandthe
12-X-Xwingarepresentedinfigures9 and10,respectively.Sinceeach
insertsectionwasassumedtoforma newwing,a newmomentcenterrefer-
encedtotheqyarter-chordpointofthemeanaerodynamicchordofeach
wingwasusedtoreducethedata.Thisreferencingleads,inmanycases,
totheanomalousresult(afactwhichismostetidentfortheX-X-Owings)
thattheforwardextensionsincreasestabilityandrearwardextensions
decreasestability.Thisis,inreality,aneffectresultingfromthe
factthatthemomentaxischsagesmorerapid~thanthe.physicalcenter
ofpressure,asisevidentfromthecenter-of-pressuredataalsopre-
sentedinfigures9 and10.

Minimumdragcoefficients(fig.U) .-Theminimumdragcoefficients
ofallthewingconfigurationshavebeencorrelatedasa functionofthe
sumoftheforwardandrearwardextensionsinfigureXl. Thisprocedure
isconsistentwiththeinitial.theoreticalassua@ionthattheextensions
wouldintroduceprimarilya thiclmesseffect.Infiguren(a) thedata
havebeennondimensional.izedintermsoftheindividualwingareas;whereas
infigureU(b),theareaoftheX-O-Owinghasbeenusedthroughout.
Hence,theselattercoefficients(fig.U(b))areequivalenttodirect
forces.

FigureU.(a)indicatesthatthedragresultscorrelatequitewell
withthethiclmess-correctionconcept,deviatingprimarilyforthelarger
insertcombinationsasmightbeanticipated.Theexperimentaldataare
considerablybelowthetheoreticalcurvesbutthisisa deficiencyofthe
theoryinpredictingthebasicwing(X-O-O)characteristicsratherthan
inpredictingtheeffectsoftheextensionsonthebasicwiw c~racter-
istics● Thisisapparentsince,whenthetheoreticalcurveisad@sted
arbitrarilybysoshiftingthecurvethattheorysnde~erimentagree
forthebasicwing,theestimatedcorrelationcurveisquitegood.Hence,
itcanbeconcludedthat,fora givenbasicwingofknowncharacteristics,
theeffectsofinboardplau-fomnextensionsonthedragcsmbeesthated
reasonablywell. —

ItisofpracticslinteresttonotefromfigureU_(b)ortablesII
andIIItheresultsfora specificillustrativecomparisonata Mach
numberof1.61.Forexsmple,the12-33-67wingcanbec~ared with
the6-o-oconventionalwing,observing,ofcourse,thatbothwings
have6-percent-thicksectionsthroughout.Itistobenotedthatthe
slightdifferenceinairFoilsectionofthetwowingsintheinboard
regionintroduces(basedontwo-dimensionallineartheorycalculations)

L

—..

.

.

,

.

-.

—
*

.
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a negligibleeffectonthisminbnnudragcomparison.

Wingdesignation % nx.()-()

6-o-o 0.0238 0.0238
1.2-33-67 .0186 .0248

Hence,theu-33-67wing,whilehavingonly4 percentmoreminimumdrag
(a21-percentlowerdragcoefficient)thanthemoreconventional
6-o-owing,has67percentmorewingvoI.ume,a parameteroftheutmost
practicalimportance.

Dragduetolift(figs.I-2and13).- Thedrag-due-to-liftparsmeter
ispresentedinfigures12and13forthe6-x-xwingsand12-X-Xwings,
res~ectively,asa functionofforwardetiensionforconstmtvaluesof
trailing-edgeextension.Ata Machnumberof1.61,theresultsforboth
wingfamiliesarequalitativelythesame.b all.cases(figs.12(b)
and13(b))thedrdg-due-to-ltitparameterislessthanthereciprocalof
theexperimentallift-curveslope(inradians)indicatingthatthe
resultantforceontheairfoilduetoincidenceisinclinedforwardof
thenormaltothechord.Thecomparisonoftheexperimentaldrag-due-
to-liftparsmeterwiththereciprocalofthetheoreticallift-curveslope

. (figs.12(a)and13(a))fora Wch nu.uiberof1.61ismisleadinginthe
exceptionalagreementindicatedinviewoftheresultsoffigures12(b)
and13(b).Thiscoincidentalagreementarises(aswillbeestablished)

. becausethetheoreticallift-curveslopesaretoogreatandthereby
compensatefortheforwardinclinationoftheresultantforcevector
previouslymentioned.Thedataata Machnmberof2.01indicate,
perhaps,a lessforwardinclinationoftheresul.tsntforce(possible
exceptionbeing12-O-Osndw-o-67)thanata Machnumberof1.61butin
generalaretooincompletetowarranta morepositiveobservation.

Lift-curveslope(figs.14and15).-Thelift-curve-slopedata
(figs.14(a)and14(b))forboththe6-x-x=d U-x-x~ seriesShOW
considerableoverestimationoftheexperimentalresultsbythetheory
ata Machnumberof1.61witha considerablybetterestimate,atleast
forthebasicwings(X-O-O)ata Machnuaiberof2.01.The@roved agree-
mentat M = 2.01 coupledwiththefactthattheoverestimationat
M= 1.61 isa maximumforthebasicleadingedge(andalltrailingedges)
indicatesthatthemaindfifictitiesare,perhaps}associatedfiththe
sonicleadingedgeat M = 1.61.Thetheory(M= 1.61),whenadjusted
tocorrespondtotheexperimentaldataofthebasicwing,reasonably
estimatestheeffectsoftheextensions;however,thediscrepanciesstill

. remainsignificantbecauseonlysmalJ-differencesaresoughtinthefirst
place.Regardingthetheoreticalassumption(M= 1.61)thattherearward
extensionismoreeffectiveinproducingliftthantheforwardextensions,
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thedataoffigures14(b)and15(b)(ortableIII)appeartosubstsatiate +
thiscontention.However,itmustbenotedthat,theoretically,the
wing-bodycarry-overeffectoftherearextensionislargerandhence
mayaccountfora significantpartoftheaddedeffectiveness.Inany ● .
case,althoughthee~rimentaldataarenotconclusiveastothevalidity
ofthedetailedassumptions,theresultthatthere~ard extensionis
moreeffectiveissubstantiatedevenfora Machnumberof2.01.

MSJCimUmlift-dragratio(figs.16and17).-!l?hedataforthemaximum
lift-dragratiopresentedforbothwingfamiliesinfigures16and17
indicatethattheadjustedtheoryquitereasonablypredictstheeffects
ofthechordextensionsexceptperhapsforthecombinationsoflarge
extensions.Inallcases,theadditionoftheextensionsimprovedthe
mimum lift-dragratioandreducedtheliftcoefficientformuimum
lift-dragratio.

Tobe specific,againcompareata Machnumberof1.61thessmetwo
6-percent-thickwingsdiscussedpreviously:

Wingdesignation (L/D)- cLopt

6-0-0 5.88 0.260
x2-33-67 6.29 .213

againtheadvantagesoftheextended-root-chordwingare
T& L2-33-67wing(having67percentmorevolume)hasabout

Here
evident.
a 6percenthighermaximumlift-dragratiooccurringata lowerlift
coefficientendwithonly4 percentmoreminimumdrag.Similargains
wouldbeanticipatedata Machnumberof2.01.l%isincreasein~um
lift-dragratioappearstobea plan-formeffectratherthana Reynolds
numbereffectonskinfriction(associatedwiththeextendedchordof
theu-33-67wing)sincecalculationsmadeontheassumptionofturbulent
flowonthewingsshownomaterialeffectonthecomparison.

.

. .

-.

.*-

. —

Twoadditionalpointsofgeneralinterestremaintobenoted.The
firstisthatthesedatawereobtainedfromrelativelycrudemodels
designedtofacilitatethetestingofvariousarrangements.Theresults,
therefore,aretobeappliedmoreforindicatingtrendsthanforthe
specificnumberspresentedsince,withtheuseofbetterairfoilsections,
improvementsinmaximumlift-dragratiocouldberealized.Secondly,
thesedatawereobtainedsolelyforsupersonicspeeds,@ hence,inthe
absenceoftransonicdata,nodefiniteconclusionscanbedrawnconcerning
thepossibleapplicationoftheseideastoconfigurationswhichmaybe
designedprimarilyfortransonicusewithshortperiodsofsupersonic
flight.

.

CONTIDENTUL
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pitching-moment-curveslopes(figs.18snd19).- Thepitching-
moment-curveslopes(figs.18snd19)reflectthedifficulty(mentioned
previous~)intreatingeachconfigurationasa separatewingandin
relocatingthemomentaxisforeachwing.Thecentersofpressurefor
a representativeangleofattack,however,showtheanticipatedrearward
shiftwiththeadditionofrearwardextensionsandtheforwards~t
withtheadditionofforwardextensions.

CONCLUDINGREMARKS

Testsofa seriesofiriboardplan-formmodificationstotwo
47°sweptbackwingsofaspectratio3.5-d taperratio0.2werecon-
ductedintheLangley4-byk-footsupersonicpressuretunnelatMachnum-
bersof1.61.snd2.01.Onewinghad6-percent-thickhexagonalaitioilsec-
tionsofconstatthiclmessratiosJ-ongtheSPm;theotherwinghadthe
seinesectionsoutboardoftheko-percent-semispanstationbutwiththick-
nesslinearlyincreasingtoI-2percentatthemodelcenterline.Inboard
pla-formmodificationsweremadebylinearlyextendingthelocalchord,
forwardorrearward,fromtheko-percent-semispanstationtothemodel
centerline.Forwardorrearwardextensionsofone-thirdortwo-thirds
ofthebasiccenter-linechordweretestedinvariouscombinationson
eachwing.

.
Theresultsindicatedthat,inaU cases,theadditionofthe

etiensionsreducedtheactualminimundrag(fora givenabsolutethick-
. ness)byansmountwhichwasesthatedbytheoryreasonablywell.

Althoughthelift-curveslopesofthemodifiedwings(whenbasedon
wingareas,includingextensions)werereducedas~ticipated,therewas,
inallcasesja netincreaseh u- Mt-dragratiofortheextended-
chordconfigurations.

A specificcomparisonoftwowingsof6-percentthickness,thatis,
thebasic6-percent-thickwingandtheK?-percent-thickwingwith
1/3forwardsmd2/3rearwardextensions,indicatedthattheextended
12-percent-thickwinghad,ata Machnmiberof1.61,about6 percent
higherlift-dragratioandonly4 percentmoreminimumdrag.Similar
gainswerepresentata Machnmiberof2.01.Thesegainsarefurther
enhancedbya volmeincreaseof67percentfortheextended-chordmodel.

LangleyAeronauticalLaboratory,
NationalAdvisorycattee for &ro=uticsz

LangleyField,Va.,May14,1953.
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0.13
-1.85
4*L2
6.07
8.02
10.02
7.08
5.13
2.15
.20

cow~mm .NAcARML53E07a

TABLEI.-BASICDATA --

M = 1.61 M = 2.01

~,degl cLI %lL/Dlcm

.

a,deg CL CD L/D cm

0.008
..088
.210
.306
.400
.488
●354
.260
.107
.010

Lo.120.0072.13 .100
4.22 *199
6.23 .295
8.28 .382
7.28 .340
5.28 .249
.1.92-.087
.13 .007

0.08
-2.15
2.15
4.30
5.30
8.05
7.07
6.IJ2
1.17
.15

1.006
~.087
.092
.190
.237
.344
.X6
.266
,049
.008

0.0238
.0262
,0369
.0527
.0753
.lok7
:;:{~

.0268

.0238

0.0206
.0232
.0333
.0501
.0735
.0611
.ok=
.0230
●0205

0.34
-3.3’6
5.68
5.81
5.32
4.66
5*57
5.87
3*99
.43

0.36
4.32
5.98
5.89
5.20
5.56
6.06
.3.76
.33

L).01860.31.0212-4.IL
.02104.37
.03146.06
.03526.03
.06615.20
.05525.54
.04555.85
.01922.53
.0186 .U

-0.0021
.0147
-.0415
-.0615
-.0789
-.0909
-.0707
-,0519
-.0194
-.0022

L

.0-0
-0.07
1.88
3.08
4.I.8
5.08
5.97
6.88
8.25
9.22
-I,85
a

Wi?uz6-33-o
0.0029
-.0303
-.0615
-.0903
-.SL37
-.1028
-.0766
.0246
-.0026

0.0030
.0301
-.0337
-.0700
-.0863
-.lag
-.1.103
-.0968
- ●0182
-.0038

0.002
.083
.131
.173
.207
.24o
.278
.329
.361
-.076
.002

0.02130.070.000C
●0244 3.40-.0131
.02844.60-.021:
.03405.08-.0275
.03975.21-.0331
.04655,17-.0378
.05495.06-.0426
.06954.73-●0483
,08Q54.49-.0514
●0240-3.16 .0125
.0219.IJ-.0002

.

“

wing6-67-o

0.02
2.35
4.18
5.32
3.25
-2.13
7957
6.80
6.15
.02I).0020.0166.085.0202

,151.0276
,190.0345
.117.0232
,.076.0192
.260.0518
.243 .0459
.214.0395
.002.0165

Oo1.1
4.22
5.48
5.50
5.06
‘3.97

;::

:13
:

-o●0010
-.0288
-.0496
-.0613
-.0391
.@49
-.0813
-.0767
-.0682
-.0012

=4s=--” -
..-

.

.

CONFIDENTIAL
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TABLEI.-BASICDATA- Continued

M = 1.61 M= 2.01

a,deg ~ % Lb % aYde% % % L/D cm

Wing6-o-33

0.05
-2.00
1.97
4.00
5.93
7.87
6.88
4.98
3.08
1.02
.08

0.10
-1.97
2.15
4.10
6.I_2
8.15
7.08
5.15
2.15
3.13
.07

0.05
.2.00
2.15
3.15
4.23
5.27
6.32
7.22
,13

3●005
-.090
.095
●195
.288
●377
●333
.242
.150
.051
.006

0.006
-.086
.096
●188
.278
.363
.322
.234
.og6
.141
.005

0.0212
.0236
.0232
●0322
.0468
.0673
.0562
.0388
.0274
.0216
.0211

0.24
-3.83
4mll
6.05
6.15
5.60
5.93
6.25
5.47
2.34
.27

).01850.34
.0215-4.00
.02124.54
.02996.28
.04496.19
.06645.46
.05475.88
.03686.36
.CEIL4.55
.02475.70
●0184 .29

-0.0017
.0231
-.0252
-.0536
-.o&)4
-.1046
-.0929
-.0673
-.0406
-.0133
-.0017

Wing6-33-33

-0.0024
●0257
-.0298
-.0592
-.0872
-.1117
-.1001
-.0736
-.0274
-.0440
-.0020

wing6-67-33

2.004
-.081
.090
.1*
.180
.223
.267
.304
.007

1.01690.26
.olg2-4.20
.01934.66
●02305.81
.02856.33
●03556.28
.04455.99
.05355.68
.0169 .41

-o.oo21
.0270
-.0314
-.0468
-.0630
-.0774
-.0920
-.1039
-.0029

CONHEENTIAL
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—

--
TA.BIE1.-MSICDATA- Continued

M = 2.01

Q!,deg % ~ lL/Dl cm

wbg 6-o-67

RzTrE
0.10
-1.85
2.05
4.03
4.92
5.88
6.82
7.80
3.08
.15

0.0050.01920.25
-.083,0210-3.95
.093.02124.38
.184.02956.23
.227.03516.46
.27’0.04256.36
.3U .05096.SL
.354.06105.80
.141.02475.71
.007.0191.38

0●001
.080
,SL4
●148
.185
.219
.256
.294
-.075

●002

).o17’10.07
.02033.96
.02294.96
.02685.51
.03245*7I.
.03895.62
.04725.k3
.05725.14
.0197-3.80
.0170 ,14

0.Oooc
- ●0191
-.0271
-.0352
-.0440
-.0518
-.0602
-.0684
.0183
-●0003

-.0231
-.0477
-.0593
-.O’p.o
-.0819
-.0929
-●0359
-●0017

3.02
3*95
4.98
5.97

i%
-1.98
.07

wing6-33-67

I
——

0.30
-4.23
4.67
6.01
6.55
6.63
6.k3
6.I.2
.42

3.0050.0166
-.080.0189
.089.0190
●135 .0225
.178●027’2
.221.0333
.264.0410
.304W;
,007

-0.0016
.0224
-.0254
-.0391
-.0517
-.0642
-.0763
-.0877
-.0021

wing6-67-67

0.12
-1.90
2.10
3.17
4.10
5.08
6.08
7.05
.15

I●0144
.0169
.0231
.0420.
.0519
.0465
.0354
.0288
.0194
.0165
.0145

-0.140.0006
4.51-.0228
5.94-.0402
5.55-.0667
5.17-.0762
5.39-.0714
5.81-.0591
;.$ -.0503

-.0317
.4:35●0212
.05-.0002

).007
.088

0.0153
,0177
.0210
.0261
.0326
.0406
.0500
.06u.
.0174
.0153

0.44
L.97

%
6.s4
6.25
5.86
5.45
-4.)+7
.51

0.17
2.20
3.18
4.23
3.25
6.28
7.30
8.33
-1.98
.12

.0.0025
-.0281
-●04H.
-.0550
-.0678
-.0802
-.0920
-.1038
.0241
-.0019

0.00
2.20
3.98
;.;:

7:40
6.02
5.02
3.02

-1.98
,00

,0.002
.076
.137
.233
.268
.251
.206
.l~
.107
-.072
.001

.128

.1P

.213

.254

.293

.333

.078

~ .—
.-=

cuNFImmTIAL
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TABLEI.-BASICDATA- Continued

.
M = 1.61 II M = 2.01

wing12-o-o

.0.00180.03
-.01702.22
-.03693.05
-.0563k.05
-.0734;.$
-.0804
-.06537:18
-.04698.10
-.02a -2.08

●0139 .03
-.0017
wing12-33-o

.0.0004
-.0139
-.0186
-.0245
-.0299
-.0349
-.0398
-.0434
.0126
-.0003

).0297 0.20
.03232.95
●04144.75
.05625.21
.07824.91
.Ogll4*7I
.06665.08
.04835.09
.03664.12
.0320-2.73
.0296 .18

0.002
.090
.122
.162
.202
.240
.281
.315
-.084
.001

0.0266
.0297
.0323
.0370
.0434
.0511
.0608
.0702
.0287
.0267

0.08
3.04

~.006
●095
.197
.293
.384
.430
.339
.246
.151
.087
.005

0.13
2.05
4.13
6.03
8.05
8.98
7.07
5.15
3.22
-1.88
.15

3*77
4.38
4.65
4.69
4.62
4.48
-2.92

●O4

.0.0026
-.0280
-.0624
-.0864
-.SU5
-.0995
-.0732
-.0443
.0235
-.0023 T0.13

2.13
:.:;

8:30
7.28
5.27
3.30
-1.90
.IJ2”

0.006
.094
.188
.284
,374
.329
.239
●147
-.084
.005

).0252
.0277
.0363
.0528
.0762
.0636
.0446
.0321
.ol?~
.0251

0.24
3.38
5.18
5.37
4.91
5.18
5.37
4.”57
-3.08
.22

whg u-67-o

1.0216
.0248
●0341
.0499
.0593
.0410
.0286
.0239
.0222 I0.0010.0191.083●0221

.147.0292
●184 ●0359
.219.0435
-.077.0215
.243.0492
.272.0576

.0.0029
-.0323
-.0662
-.0963
-.1096
-.0813
-●0498
.0263
-.0029

0.06-0.0004
3*77-.0276
5.02-.0474
5.14-.0590
5.03-.0691
-3.56 .0251
4.95-.0733
4.72-.0834

0.31
3957
5.29
5.34
5.17
5.44
4.76
-3.15
.30

0.03
:.;;

5:28
6.35
-2.17
7.25
8.15

0.32
2.10
4.22
6.25
7.22
5.23
3.23
-I.85

●I2

0.007
.089
.180
.267
.307
●223
.136
-●075
.007
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TABLEI.-BASICDNA - Continued .
. .— .—

M= 1.61 M =-2.01 .

~, deg cL CD L/D % a,deg CL % L/D cm

0.12
-1.92
2.07
3.05
4.03
5.02
5.98
6.97
7.90
.17

0.10
-I.83
2.12
3.23
4.2o
5.18
6.17
7.17
.15

0.08
2.10
4.27
6.37
.1.93

3X
5.13
8,10

0.007
-.084
,093
.140
.187
.236
.280
.325
●3’P
●007

).0253
.027’7
.0278
.0311
.0360
.0425
.0501
.0595
.0701
.0252

0.27
-3.03
3*35
4.49
5.20
5*55
5.59
5.47
5.29
.26

. . ..- -- —..

-0.0021
.0211
-.0243
-.0365
-●0502
-.0637
-.0768’
-.0896
-.1019
5
Wing12-33-33

0.006
-.078
.090
,140
.184
.229
.274
.315
.007

0.0211
.0232
.0235
.0274
i0323
.0388
.0470
.0565
.0211.

0.27-0.0021
-3.34 .0230
3.82-.0275
5.11-.0435
5.69-.0576
5.89-.0zL8
5.83-.0858
5*57-.0982
.35-*0024

1o:~~0,0187.0209
.178.0299
.264.0456
-.078.0209
.005.0186
.128.0241
.214.0356
.336.0644

—I

WingE-67-33

0.25-0.0018
4.10-.0298
5.94-.0620

-.0909
-;:? .0264
.25-.0018
5.31-.0447
6.00-.0744
5.22-.1140

.

.
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TAELEI.-RASICDATA- Concluded

M= 1.61 II M = 2.01

z, deg % %lL/Dl% a,deg CL % L/D cm

whg w-o-67

0.17
2.02
4.00
5.92
7.98
6.85
k.98
-I.85

IO:a:0.0223
.0245

.17’7.0320

.264.0449

.348.0639

.X5 .0530

.221.0378
-.080.0246

0.08
2.03
4.10
5.03
6.05
;.;;

1:13
-1●90
.10

0.15
-1.97
2.10
3.17
4.22
5.17
6.27
.15

0.25
3.49
5*53
5.88
5.45
5.76
5.83
.3.24

-0.0013
-.0209
-,0445
-.0679
-.0901
-.0790
-.0561
.0193

Wingx2-33-67

0.0040.0187
.083.0207
.172.0284
.213●0339
.256.0414
.295.0496
.334.0599
.045.0191

,004

0.21
4.00
6.04
6.29
6.17
5.95
5*57
2;36
“3*ti

.21

0.05
2.15
3.03
4.00
5.03
6.00
7.08
7=92
-I.98
.03

-0.oo1.1
-.0232
-.0493
-.0615
-.0737
-.0847
-.0951
-.0126
.oak
-.00U.

I0.0050.0166-.076.0191
.082.0188
.IJ25.0222
.168.0272
.206●0330
.250.0413
●005 .0165

0.29
.4.00
4.35
5.62
6.17
6.24
6.04
.29

wing12-67-67

-0.0015
s0239
-.0257
-.0395
-.0532
-.0651
-.0783
-.0015

T0.001000206
.078 .0229
.11.0 .0253
.145 .0293
.182 .0347
.ZLq .0409
.253 .0494
.282 .0569
-.074 .0223

●001 .0206

T
0.02
2.30
4.IQ

$:;

-2:10

I0.040.000c3.41-.018C
4.34-.0255
4.94-.0335
5.23-.041$
5.26-.0496

-.057[
~:% -.0641
.3.32.0175
.04 .Ci)oc

I 1 I
0.0010●01510.050.0001
.074.0178k.15-,0217
.134.02415.57-,0389
.168.02985.64-.0483
.201.03665.49-.0573
.236●04535.21-.0669
-.070.0174-4.o2.0209

~
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M = 1.61

liing

6-0-0
6-o-33
6-o-67

6+-O
6-33-33
6-33-67

6.J+CI
6-67:33
6+67

l$?-o-a
112--m
12-047

12-334J
E-33-33
12-33-67

12-67a
12-67-33
12-67-67

‘%

) J@
.0211
.0191

:%%
.o166

.01%

.o169
dlz

-w%
.-
.0223

.Wz

.0211

.0185

.021.7

.0187

.0165

~-%in
%2

0.738

:Z

.335
34CJ

.@

.363

.X9

.316

.37

.323

.*”

.*

.*

.37’8
;gk

%

).0498
.0478
.04%

.0462

.04y

.0431

dz

.0402

.0468

.c4~

.0442

.0450
LA&

.ok.a

.0412

.037

I

pg

6:46

6.06
6.36
6.63

6.07
6.33
6.&

5.21
5.69
~.m

5.37
5.f3J
6.2.9

5.41’
6.03
6.25

3.*
.240
.232

.249

.212

.=8

.203

.l$m

.ltlj

.s1

.28J

.262

.26(2’

.232

.213

.29

.ZL5

.=5

%

a .CKl$m
-.0123
-.0117

-.0137
-,0141
-.oli?3

- .Oly
-.0144
-.0129

-.0382
-.0U5
-.0KU3

-.Olyl
-.0134
-.0134)

-.Olp
-.0142
-.0136

‘ .

M = 2.01

wing

64-0

6+457

6-674

6-67-6;

12-o-o

12-oJ57

K-67-o

12-67-67

%in

2.0215

.01-(0

.o163

‘.0143

.0263

.020$

.o@

.0151

3
~-%ln

%2

0.450

J+%

A&l

.479

.4%

.4%

.428

.5=

1

).0423

,0374

.0355

.035s

.0404

.*7

.0349

.0324

WrJ)=

5.20

5.P

5.50

6.03

4.p

5.26{

5.12

5.@+

%pt %

).208-o.oop

.U13 -.Ww I

.X -.Ola

.169 -.0102,

.240 -.cK163

.212 -.CK)87

.12A -.0U6

J-68 -.0398
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M - 1.61 M= 2.01

w- %dn ‘;? % (Lb)= ‘%@ .;.:.:@ ,- %n ‘;? % (Lfi)= %,, *::.:p

6-0-0 0.0238 0.308 0.0498 0 .2&J 0.431
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.0550 % .qg .440
.0575 6.63 .s1 .J4p

.0227
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.298 .0534 6.07
g :?!!

6-+0 .Ca2

:% gz % .ffj-f .4.40

.*3 .04yt 5..73 .226 .~

6-67-6’( ,0221 6-67-67 .om7 .32 .W7 6.03 .24J+ Am

12aa
$::g ~ :% g ;:; g ~

B&o .O* .4q .0404 4.p .240 .402

12-o-67 .& .* .0449 5.26 .2% .4p

12-33-o ~ .ywl .o~ 5.37 Agl

$:%% :% :%’ :% u? :%$ .*
:?%

;%j :RJ
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12-6F67 .021.8 .$1 .0468 ~oat .243 .~
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